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On 15 May 1991, plug-rooted liners of 'Coral Beauty' cotoneaster, 'Flaviramea' dogwood, 'Lynwood' forsythia, and 'Variegata' weigela were transplanted to 6-liter (21 cm in diameter × 21 cm deep) nursery containers. Liners of forsythia were 5 to 8 cm tall; all others were 12 to 15 cm. We tested 11 media (Table 1) , including a control of 100% composted pine bark (2-cm mesh size), and eight others containing one of two sources [Quebec and Ontario (QO) Paper Co. and Noranda Forest (NF) Recycled Papers] of raw paper mill sludge mixed at 15% or 30% (by volume).
Three types of sludge are produced: primary, which is derived directly from the paper-making process and contains wood fibers; secondary, which has been subjected to microbial breakdown and contains supplementary N and P, and tertiary, from de-inked recycled paper (Cline and Chong, 1991) . The QO sludge is a mixture of 70% primary and 30% secondary sludge that contains =1.2% N (dry-weight basis). The NF sludge is a mixture of 90% primary and 10% secondary sludge and initially contains less N (0.35%) than the QO sludge. Thus, NF Papers routinely adds ammonium nitrate to increase the total N content of the sludge to ≈ 1.2% before disposal on agricultural land to aid subsequent microbial breakdown (Bellamy et al., 1990) . Both sources have low levels of heavy metals (Bellamy, 1989; Pridham and Cline, 1988) and various organo-chloride compounds that are within guidelines in the United States (U.S. Environmental Protection Agency, 199 1) and Ontario. Secondary sludge is high in N and P, while primary sludge is low in these nutrients. Since secondary sludge may induce excessive growth, a combination of primary and secondary sludges maybe more appropriate as amendments (Pridham and Cline, 1988) . The sludges were coarsely ground (1.0 to 1.5 cm in diameter) before mixing.
This research was conducted outdoors in the experimental container nursery at the Horticultural Research Institute of Ontario, Vineland Station. Cotoneaster and weigela were spaced 45 × 45 cm, and the other two species 60 × 45 cm, each arranged in a separate randomized complete block design with five replications and four plants per plot. Plants were trickle-irrigated with 2 liters water/container daily and fertilized through the irrigation system three times weekly with 200 mg N/ liter applied as a 20N-8.7P-16.6K watersoluble fertilizer that also contained the following micronutrients (in mg·liter -1 ): Fe, 1.0; Mn, 0.5; Zn, 0.5; Cu, 0.5; and Mo, 0.005 (Plant Products, Brampton, Ont.). In previous experiments, this management system has been successful in producing marketable plants in one growing season. Also, treatment differences occured the first year. For these reasons, the experiment was conducted in one growing season. Preplant amendments such as limestone and micronutrients were not required.
At planting, duplicate samples of all experimental media were analyzed for pH, electrical conductivity (EC) [1 medium :2 water extracts (v/v)], and mineral nutrients (Table  1) , and triplicate samples for selected physical properties (Chong et al., 1991 b) . EC and pH were also measured on 22 Aug. from medium samples collected (7-to 12-cm depth) from each treatment.
Recently matured leaves were sampled in mid-August and analyzed for total N, P, K, Ca, Mg, Fe, Mn, and Zn (Chong et al., 1991 b) . In early October, the width (cotoneaster) or height (all other cultivars) of each plant and the shrinkage of the medium in each pot, expressed as depth from the container rim, were recorded. Tops (stem with leaves) were dried at 50C for 4 weeks in a forced-air dryer and weighed.
Although cultivars responded differently to the various media, plants of all cultivars and treatments were of marketable size when harvested in early October, except those of forsythia, which were started from smaller liners. Unlike the other species, weigela growth was unaffected by media (Table 2) .
Contrast analysis indicated greater top dry weight of dogwood and cotoneaster in the sludge-amended media than in the control (100% bark) medium (Table 2; Fig. 1 ). Forsythia growth in the sludge-amended media was similar to that in the control. Only cotoneaster growth in the nonsludge media (75% B :15% P: 10% S and 60% B: 30% P: 10% S) was significantly greater than in the control (also a nonsludge medium).
Among the sludge-amended media, top dry weight of cotoneaster and forsythia was greater in all four NF media than in corresponding QO media (Table 2; Fig. 1 ). Dogwood growth was similar with NF or QO sludge. Although contrast analysis indicated Table 1 . NS,*,** Nonsignificant or significant at P ≤ 0.05 or 0.01, respectively.
significantly more dogwood, cotoneaster, and forsythia growth in 30% than in 15% sludge-amended media, differences were small (3% to 5%) and, thus, of little practical significance. Height data for dogwood were similar to those of corresponding top dry weight (data not presented). Forsythia and weigela height and cotoneaster width were unaffected by media (data not presented).
In a similar study, in which 'Anthony Waterer' spiraea was grown in bark amended with 0% to 100% sludge, a positive linear or curvilinear relationship existed between top dry weight and foliar contents of N, P, K, Mg, Fe, and Zn (C. Chong, unpublished data). This evidence indicated increasing unavailability of these nutrients as the sludge content of the media increased. With the small proportions of sludge used in the present study ( 15% or 30%), little or no variation was evident in foliar nutrients within cultivars and/or media (data not presented). Bulk densities were consistently higher in NF media than in their QO counterparts and other nonsludge media (data not presented). Differences in total pore space, air pore space, and water pore space at the start of the experiment, or in the relative shrinkage of the media at the end of the experiment, were within acceptable ranges (Ontario Ministry of Agriculture and Food, 1992) . These differences generally were neither sufficiently large nor consistent enough to explain growth differences between treatments. Pridham and Cline (1988) observed that growth of various containerized greenhouse crops in sludge-amended media was related to the amount of N in the sludge. Related studies with container-grown nursery crops confirmed this observation (Chong et al., 1987 (Chong et al., , 1988 . Growth of 'Anthony Waterer' spiraea was related directly to the initial N content of various sources of individual or mixed sludges added at 33% (by volume) to bark (Chong et al., 1988) . In the present study, all NF sludge media contained initially high EC levels (4.1 to 7.6 dS·m -l ) due primarily to nitrates and, to a lesser extent, K, Ca, Mg, and Cl (in that order) (Table 1) . This evidence strongly suggests that growth was related to the initial high N and nutrient level in the sludge.
Although the EC levels were not monitored at regular intervals in this study, in previous studies that used similar trickle fertigation regimes (Chong et al., 1987 (Chong et al., , 1991 , early and rapid leaching of high and potentially toxic salt levels to lower levels considered to be safe for plant culture (≤ 1.0 dS·m -1 ) (Ontario Ministry of Agriculture and Food, 1992) occurred within 10 to 14 days after planting. As in the present study, initial high salt levels in sludge-amended media did not damage cultivars (Chong et al., 1987) . The initial N contents in the sludges provided ample N for sludge breakdown and increased crop growth. The difference between NF and QO may be related to the greater availability of inorganic N in NF compared with organic N in QO.
Results of this study confirm that raw paper mill sludge can be used effectively in nursery container culture. Media amended with 15% or 30% of two sources of mixed primary and secondary paper mill sludges supported growth of four nursery cultivars similar to, or better than, various nonsludge media.
